Materials. Tetrahydrofuran (THF) (Wako Pure Chemical) was dried on sodium benzophenone ketyl and distilled immediately before use. The other chemicals listed as follows were used without purification: l-menthol, pyridine, chloroform, n-butyllithium (1.57 M in n-hexane solution) 1-iodopentane, bromine, iodine, dichloromethane, dimethyl sulfoxide, magnesium (turnings), 1,2-dibromoethane, and potassium carbonate (Kanto Chemical); 1,4-dioxane (Nacalai Tesque); triphenylphosphine, and p-toluenesulfonyl chloride (Wako Pure Chemical Industries, Ltd.); fluorene, hydrazine monohydrate, and dichloro[1,3-bis(diphenylphosphino)propane]nickel(II)) (Tokyo Chemical Industry); palladium(II) chloride, 2,7-dibromo-9,9-dioctylfluorene, and 9,9-dioctylfluoren-2,7-diboronic acid bis(1,3-propanediol) ester) (Sigma-Aldrich).
added 10.0 mL (15.7 mol) of n-BuLi (1.57 M in n-hexane solution). After the reaction system was stirred at 0 ºC for 1 h, 1-iodopentane (3.9 g, 19.7 mol) dissolved in 10 mL of THF was slowly added.
The resulting mixture was warmed to room temperature, was stirred for 24 h, and was poured into a large excess of iced water. The crude product was extracted with CHCl 3 , and the organic layer was dried on MgSO 4 . The crude material was purified by silica-gel column chromatography with a mixture of toluene and n-hexane (1/5, v/v) 2,7-Dibromo-9-neomenthyl-9-n-pentylfluorene (DBNPF). This compound was synthesized according to the literature [R. Kannan, B. A. Reinhardt, and L.-S. Tan, U.S. Patent, 6,300,5, Oct 9, 2001 ] with modifications.
To a solution of NPF (10.3 g, 27.4 mmol) and iodine (83.5 mg, 0.3 mmol) in 52 mL of CH 2 Cl 2 was added dropwise bromine (3.0 mL, 58.6 mmol). After the reaction system was stirred at room temperature for 1.5 h, it was poured into an excess of aq. NaHSO 3 . The crude product was extracted with CH 2 Cl 2. The organic layer was washed with brine and was dried on MgSO 4 . The Inorg. Synth., 1972, 13, 121-124; ibid, 1990, 28, 107-109] .
In a two-necked flask, PdCl 2 (1.5 g, 8.5 mmol) and triphenylphosphine (11.1 g, 42.3 mmol) were dissolved in 105 mL of dimethyl sulfoxide (DMSO). After the reaction mixture was stirred at 150 ºC for 15 min, hydrazine monohydrate (1.7 mL, 33.9 mmol) was added dropwise to the system.
The reaction system was then cooled to room temperature. The product was separated from the reaction mixture as yellow powder by filtration and was washed with EtOH and Et 2 O in this order.
Yield: 9.1 g (93%).
Random Copolymerization of DBNPF with 2,7-Dibromo-9,9-dioctylfluorene (DBDOF) and Homopolymerization of DBNPF. In a Schlenk tube, magnesium (turnings , 70 mg, 2.9 mmol) was activated with 1,2-dibromoethane (188 mg, 1.0 mmol) in 1 mL of THF. For a random copolymerization, prescribed amounts of DBNPF and DBDOF dissolved in 3 mL of THF was added in several potions to activated magnesium, and the mixture was stirred at 60 ºC for 1 h (see Table S1 for the amounts of the monomers). Ni(dppp)Cl 2 (20.4 mg, 0.04 mmol) was added to the system, the mixture was stirred at 60 ºC for 24 h, and the reaction was quenched by adding 7 mL of 0.1 M aq. HCl. The crude product was extracted with CHCl 3, and the organic layer was dried on MgSO 4 .
Removal of CHCl 3 afforded the crude polymer as yellow, crude powder. The crude material was dissolved in 20 mL of CHCl 3 , and the solution was poured into 600 mL of MeOH. The precipitates were collected with a centrifuge. Homopolymerization was conducted in the same manner as random copolymerization. Amounts of monomers used for reactions are shown in Table S1 . 2954, 2927, 2861, 1608, 1457, 1377, 1260, 1095, 1022, 888, 811, 743 cm 1 .
Ran. Alternating copolymerization of DBNPF with 9,9-dioctylfluoren-2,7-diboronic acid bis(1,3-propanediol) ester. In a flask equipped with a reflux condenser, DBNPF (240 mg, 0.45 mmol) and 2,7-di(1,3,2-dioxaborolan-2-yl)-9,9-di-n-octylfluorene (250 mg, 0.45 mmol) were dissolved in 4 mL of 1,4-dioxane. Pd(PPh 3 ) 4 (52 mg, 0.05 mmol), K 2 CO 3 (0.43 g, 3.08 mmol), and 1.5 mL of water were added to the flask. After the reaction mixture was stirred at 110 ºC for 2.5 h, Note: According to ref. 20c, an emission band at around 550 nm due to keto defect (fluoren-9-one moiety) was observed in solution for a poly(9,9-di-n-octylfluoren-2,7-diyl) where, for a polymer containing 33% of keto defect, the ratio of emission intensities of di-n-octylfluorene unit to fluorenone unit was 1/9.5. In addition, according to ref. 20d, for poly[9,9-bis(3,7,11-trimethyldodecyl) fluorene-2,7-diyl] containing only 1% of keto defect, the ratio of emission intensities of bis(3,7,11-trimethyldodecyl)fluorene unit to fluorenone unit was 1/6.2.
These ratios were estimated by us using relevant figures in the references. Hence, the emission at around 550 nm is a very sensitive probe of keto defect. However, when the annealed alternating copolymer in film was re-dissolved in THF, it did not indicate the signal at around 550 nm in fluorescence due to ketone units at all ( Figure S3 ), strongly supporting that the spectroscopic features observed for the alternating copolymer in this work is not based on keto defect. The emission band of the alternating copolymer at around 550 nm is observed only in film. This means that the band is due to inter-chain excimer formation that occurred only in the solid state. 
